Asian citrus greening disease (CGD) is caused by Candidatus Liberibacter asiaticus, transmitted by the Asian citrus psyllid, Diaphorina citri Kuwayama. An effective method for controlling the pathogen is currently unavailable; therefore, controlling psyllids is a more practical strategy for minimizing damage from CGD. However, ecological/ethological field studies on this insect are limited due to a lack of effective marking methods. This study examined the effectiveness of a marking method for psyllids using fluorescent powder (FZ-2803). Equal numbers of marked and unmarked psyllids were released at a distance of 2 m from a light. The collection of marked psyllids near the light was significantly lower than that of unmarked psyllids until 4 h after marking. After 5 h, no significant difference was observed. No significant differences in mortality were detected between the two groups during a 40-day period after marking. The persistence of a mark on the psyllid body was confirmed visually in the laboratory for 40 days. One hundred marked psyllids were released in an orange jasmine field (18 mϫ18 m). The marked insects were detected visually, and the proportion of marked insects was 30% after 20 days and 20% after 40 days. These results indicate that the marking method using fluorescent powder does not affect survival, and it can be used for ca. 5 weeks in the field.
INTRODUCTION
The Asian citrus psyllid, Diaphorina citri Kuwayama, is a vector of Asian citrus greening disease caused by a bacterium, Candidatus Liberibacter asiaticus, which is found in Asia (Catling, 1970; Aubert, 1987) . Citrus greening disease or "Huanglongbing," is the most destructive disease of cultivated citrus, causing a reduction of both yield and fruit quality (Da Graça, 1991; Aubert et al., 1996) . Ecological and ethological studies on psyllids are required to establish control of this insect; however, limited information is available regarding the dispersal of other species of the psyllid (Samways and Manicom, 1983; Van Den Berg and Deacon, 1988) . The lack of data regarding the dispersal of the psyllid is apparently correlated with the absence of studies reporting effective marking methods for this insect.
Psyllids are very small and abundant; therefore, individual marking with paint ink is not practical. For insects characterized by small size and abundance, dust marking is most useful (Darling, 1925) , particularly with fluorescent powders. These agents are commercially available in various colors and can be effectively detected under UV light (Taft and Agee, 1962; Vail et al., 1966; Stern and Mueller, 1968; Enkerlin et al., 1996; Narisu et al., 1999) . Preliminary experiments have revealed that a pinkish color (FZ-2803) is the most easily detectable for tracking psyllids visually in the field (unpublished data). The present study first examined the persistence of the pinkish fluorescent powder on the bodies of psyllids, and its effects on their survival and flight activity in the laboratory. After confirming the effectiveness of the marking agent, its usefulness in the field was examined. The feasibility of the dust marking method for studies on psyllid dispersal is also discussed.
MATERIALS AND METHODS
Selection of agent and psyllids for marking. Micronized (3.0-4.0 mm in size) pinkish fluorescent dye powder (FZ-2803, Sinloihi Co. Ltd., Kamakura, Japan) was used in this study. The powder exhibits properties of hydrophobic and organic solvents (e.g. ethanol and acetone) that have a soluble nature. The psyllids were collected from orange jasmine (Murraya exotica L.) in Ishigaki, southern Japan, in September 2004, and maintained on orange jasmine (40-50 cm tall) in transparent acrylic cages (35 cmϫ35 cmϫ50 cm) in the laboratory (25Ϯ0.1°C; 16L : 8D). The insects were allowed to reproduce, and their offspring were used for the test. Newly emerged adult psyllids were collected and 3-day-old adults were used for stock. For marking by ratio, 30 psyllids were transferred into transparent plastic tubes (12 cm in length and 3 cm in diameter) containing 10 mg of fluorescent powder. The tubes were shaken gently by hand for 5 s to coat the psyllids with the powder.
Effects of marking on flight ability. Positive phototaxis of the psyllid in daylight (unpublished data) was employed in this experiment. A total of 180 psyllids were randomly selected from the above-mentioned stock of 3-day-old adult psyllids, and 90 psyllids were marked. Immediately after marking as described above, marked and unmarked psyllids were released at a distance of 2 m in front of an electric lamp (L100V60W, Matsushita Electric Industrial Co. Ltd., Osaka, Japan) in a dark room (3 mϫ5 mϫ2 m) at 25Ϯ1°C. The luminosity at the release point was approximately 55 lx. The effect of marking on flight ability was evaluated based on the difference in the number of marked and unmarked psyllids that were trapped on a sticky plate surrounding the lamp. These trapped psyllids were counted at hourly intervals.
For statistical analysis of data obtained in this experiment, the flight abilities of marked and unmarked psyllids were compared using sequential c 2 -tests along with Bonferroni probability adjustment. When the observed frequencies were lower than or equal to five, Yates's correction was used.
Persistence of the dye on the psyllid body and the effect of marking on survival. Persistence of the mark was measured at 5 hours, and every 5 days from 5 to 40 days after marking. Three transparent acrylic cages (30 cmϫ20 cmϫ25 cm) were constructed for each interval; each cage housed five male and five female adult psyllids that were randomly selected from the stock of 3-day-old adult psyllids. After marking the psyllids as described above, the cages were placed under laboratory-controlled conditions at a temperature of 25Ϯ0.1°C, relative humidity of 85-90%, and light condition of 16L : 8D. Each cage contained one orange jasmine (age, 1 y; height, ca. 10 cm) with five fresh shoots, which was planted in a plastic pot (10 cm in height and 12 cm in diameter). The orange jasmines had been pruned, and their height was maintained at 10 cm in order to facilitate the sprouting of many young shoots. The marked psyllids were allowed to reproduce; however, offspring were removed from the cage every 7 days. At each measuring point in the persistency test, the psyllids were killed at Ϫ30°C in a freezer. The proportion of the color-marked area with respect to the total body surface was measured for individual psyllids using a digital microscope (VHX-100, Keyence Co., Kyoto, Japan).
In these persistency experiments, the number of dead marked psyllids before artificial freezing death between 5 and 40 days after marking was counted.
Persistence of the dye on psyllids in the field. A total of 100 psyllids were randomly collected and marked as above. These marked insects were immediately released on 18 February 2005 into a field (18 mϫ18 m) with 20 orange jasmines (150-180 cm tall) planted in a lattice arrangement at the Tropical Agriculture Research Front of the Japan International Research Center for Agricultural Sciences (JIRCAS-TARF) in Ishigaki Island. Weather data were obtained from the weather station at JIR-CAS-TARF, located approximately 200 m from the field. The marked psyllids were visually counted, and their photographs were taken in profile with a digital camera (EOS D60, Canon Inc., Tokyo, Japan) every 5 days until 30 March 2005. Since some of the psyllids were located inside the tree, their photographs could not be taken. Based on digital graphic data, the relative marked area of psyllids was measured using a digital microscope VHX-100.
RESULTS
The cumulative proportion of psyllids that flew toward the light source was smaller in the marked group than in the unmarked group until 4 h (Fig.  1) ϭ1.9; dfϭ1; pϭ0.1713) and 6 h (c 2 ϭ0; dfϭ1; pϭ1.0); therefore, marking significantly reduced the flight activity of psyllids until 4 h, but not after 5 h.
In the laboratory, the marks on the bodies of psyllids decreased considerably with time; however, marks were detected visually after 40 days, when the relative marked area was Ͼ40% on average (Fig. 2) . Thus, marking could be confirmed visually without collecting the insects for almost 6 weeks in the laboratory. Furthermore, no death of marked psyllids occurred during the 40 days after marking in this persistence experiment; therefore, marking did not have any significant influence on mortality.
The proportion of marked psyllids released into the field decreased with time (Fig. 3) . During the experiment, total precipitation was 289 mm; however, 28 marked psyllids (28%) were detected on the 20th day, and 20 marked psyllids (20%) were detected on the 40th day. In the field, the marks on the body of psyllids decreased with time; however, the psyllids could be detected visually even after 40 days, when the relative marked area was ca. 40% on average (Fig. 4) . Hence, this marking method, using a fluorescent powder, can be used to Fig. 1 . Cumulative proportion of psyllids that flew to the light source after release at time 0. Unmarked and marked groups are designated by open and closed circles, respectively, and asterisks indicate the time when a significant difference was observed in the proportion between these two groups. detect psyllids even up to 40 days after marking.
DISCUSSION
In the laboratory, marking by fluorescent powder had no significant effects on the survival of psyllids, and the marks persisted on the body of the insect for 40 days after marking. In the field, 30% of marked psyllids were detected after 20 days of marking. These results indicate that this marking method, using fluorescent powder, can be applied for studies on the dispersal of psyllids in the field over these time periods. In the present study, the marked psyllids showed lower flight activity for 4 h after marking (Fig. 1) ; however, this effect diminished after 5 h. This finding in turn indicates that if the present method is applied, data obtained within the first 4 h after using fluorescent powder should not be used.
A positive finding of the present study is that marking with fluorescent powder had no significant effects on survival under laboratory conditions, although marking of opine braconid parasitoids Diachasmimorpha longicaudata and D. tryoni significantly decreased the dispersal ability and survival of these insects (Messing et al., 1993) . In other insects marked with powder, the recapture rate was considerably reduced, to as low as 3.8% at 15 days for the boll weevil found in cotton fields (Taft and Agee, 1962) and to 5.9% at 40 days in marked female mosquitoes Aedes triseriatus (Beier et al., 1982) . The proportion of marked psyllids detected was 30% after 20 days, which is considerably higher than that for the above-mentioned insects. Considering the persistence of the dye on psyllids in the laboratory (Fig. 2) and in the field (Fig. 4) , the reduction in the number of marked psyllids in the field may be attributed to loss by the dispersal of psyllids from the field, or predation of psyllids by their natural enemies. Furthermore, in this study, marked insects were detected visually; the proportion of marked psyllids would probably have been greater if detection had been under UV light. Thus, the dust marking method can be used to detect psyllids for 40 days in the field. This method will thus contribute to ecological and ethological field studies of psyllids.
